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EXECUTIVE SUMMARY

The Montana Bureau of Mines and Geology, with support from the Montana Department of
Transportation (MDT), has completed a pilot study and compilation of landslide data for MDT’s District
2 (Butte/Bozeman area) in southwestern Montana. A total of 4,640 landslides within District 2 have been
identified and included in the database developed during the project. The GIS coverages derived from the
database enable identification of areas containing high concentrations of landslides, and when combined
with other data such as geologic maps, the underlying causes and probable triggers can be identified for
many areas. The database structures and procedures designed in this project can be expanded to cover
additional areas or Districts if further work is undertaken.

The landslides included in this project were located by field mapping, airborne reconnaissance, aerial-
photograph interpretation, and from literature references. They are compiled by location, type, geologic
aspect, and size into a database that supports GIS coverages. Locations were originally plotted on from
three to five 1:250,000-scale maps sheet , and then each map was scanned into a GIS coverage. Each
coverage required extensive editing to eliminate any duplicate information or movement outlines. Once
the shape files/coverages were complete and combined into a single coverage, the attributes for each
location were entered. At a minimum, the information for each location includes the basic landslide
classification (type of material, type of movement) and the location of the movement (in both
latitudes/longitude and state plane coordinates). It is important to note that landslides less than 500 feet
(150 meters) in the longest dimension cannot be shown because of the map scale

Of the 4,640 landslide locations identified, the material involved was classified as earth in 1,922
landslides (41.5 percent), as debris in 2,556 landslides (55 percent), and as rock in 162 (3.5 percent) of
them. The most important movement types identified are slide and flow. The largest number of landslides
were identified as slides, 2,759 (59.5 percent), 1,813 were identified as flows (39 percent), 54 were
identified as composite or compound (1.2 percent), and for 14 (0.3 percent), the movement or material could
not be determined.

A priority rating was assigned to each area containing clusters or large numbers of landslides. The
report was loosely based on the number of objects that could be affected if renewed or additional
movement occurred. The possible risk was assessed against the other clustered areas within the
same1:250,000- or 1:100,000-scale area. A scale of 1-5 was used with one as the highest priority
indicating that more detailed investigation including a hazard assessment should be done. All parts of
District 2 have clustered landslide areas, however, the Ennis 1:100,000-scale quadrangle area is
considered overall to have the highest priority.

The landslides in District 2 are not limited to any specific formations. However, formations
containing volcanic materials, because of the ash and clay content, and young (Cretaceous age) poorly
consolidated sediments are particularly prone to landsliding. A strong association was noted between
fault locations and landslide locations throughout District 2; fault movement, however, probably is not

the triggering mechanism in the majority of cases.
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Some of the real causes or factors believed to contribute to the tendency to slide are steep topography,
prior-glaciation, bedding orientation, human activities, and natural or anthropogenic stream undercutting.
The immediate cause of movement (trigger) is commonly not known, but can include earthquakes,
increased moisture or water, and toe excavation. In short, any factor that creates unstable slope
conditions, can be an effective triggering mechanism.



1.0 INTRODUCTION

The surface of the Earth is a collection of slopes that are inherently unstable. When material is
exposed at the Earth's surface, weathering and erosional processes immediately begin to break it apart and
move it. Movement may occur suddenly as catastrophic landslides or rockfalls but more commonly
occurs almost imperceptibly as the slow creep of soil down gentle slopes. Recent landslide movements
often are the reactivation of smaller sections of older, unstable landslide masses.

Landslides are among the most common geologic hazards in Montana and have caused damage in rural
and urban areas of the state. In many of Montana’s landslide-prone areas, anything affecting slope condition,
such as construction, seismic activity, or increased soil moisture, may cause movement or may reactivate
prior movement.

Sudden movements are often spectacular and receive much publicity. A major earthquake in
southwestern Montana triggered the Hebgen Lake slide of August 18, 1959, and was responsible for loss
of life, property damage, and extensive road damage (Bailey, 1961). However, slower movement can also
cause severe problems in developing areas. The effects of the very slow (imperceptible) movements can
be seen along many Montana roadways in the form of leaning trees, misaligned fences and walls, and
damaged road surfaces and foundations.

Whether caused solely by natural processes or aggravated by human activity, when these events occur
in proximity to human-made structures, repairs and remediation can be costly. A small, currently active
landslide south of Dillon, for example, is a minor portion of a much larger landslide complex and is
proving very costly to the railroad; it could impact Interstate 90 if a larger segment of the slide area
should move (McDonald, 2001).

2.0 CURRENT PROJECT
The objective of this project is to present an up-to-date landslide database for MDT’s District 2 to

delineate susceptible areas and types of movement for planning purposes, and that can be expanded to
other areas if the opportunity arises. This corresponds with the long-term goal of MBMG to develop a
statewide landslide database.

Both MDT and MBMG realize that to make the information useful to non-specialists, it not only
needs to be compiled in a database but also displayed attractively and understandably. The result should
be a better understanding of landslide-prone areas, processes, and triggers, and should enable a variety of
users to make well informed decisions. This goal was addressed by:

» compiling all currently available landslide locations;

* developing a working classification system for the landslide database;

» creating a database structure that can be readily updated, corrected, and added to;

* capturing all available data in ARC/INFO and converting to shape-file format;

» certifying that each slide is unique and referenced in the database;

* identifying landslide-prone areas (areas containing clustered landslides, appendix A);



* determining key factors that cause movement, such as lithology (appendix B), topography, or
structure, which may help in prediction of future problem areas;
» creating GIS layers that incorporate landslides, natural features such as topography, geology, and
surface-water hydrology, and cultural features; and
» establishing procedures to make the data publicly available once all approvals have been granted.
The primary products resulting from this project are a landslide database with GIS coverages for MDT’s
District 2. They will be presented separately for approval to MDT, along with a training session for MDT
personnel conducted by MBMG project personnel, covering use of the database and digital products

(appendix C).

3.0 BACKGROUND INFORMATION
The Montana Bureau of Mines and Geology (MBMG) initially began a statewide compilation of

landslide information as part of a hazard-assessment project in 1985 and 1986 in cooperation with the
U.S. Geological Survey (Wilde and Bartholomew, 1986). However, the project was left incomplete and
the data unpublished because federal funding for the hazard-assessment program was discontinued. Most
of the landslides for that program were identified and delineated by stereoscopic interpretation of aerial
photographs. The locations were compiled on either 1:100,000- or 1:250,000-scale maps. Reconnaissance
mapping and field checking of the interpreted data were conducted from vehicles or light aircraft. The
resulting maps included compilations of already published landslide locations, locations gleaned from
other research projects, and new locations identified during the project.

The digital database resulting from the early project (1985-1986) was left incomplete. It included
generalized locations and information from previously published sources but no new information. This

2001-2002 project built upon the earlier work, including the database, but did not duplicate it.

4.0 BENEFITS AND USES

Nationwide, financial losses resulting from landslides are in the billions of dollars. In terms of lives
and property damage, these losses are large enough to produce significant impacts wherever they occur.
Montana’s impacts receive less attention than those in highly urbanized areas because of the State’s low
population density. However, as urbanization and development increase, particularly in the mountainous
regions of Montana, the potential for large losses also increases. In addition, natural events such as
seismicity, high-precipitation, and flooding, also trigger landsliding and increase the overall threat.

The last 4 years have been notably dry, and it has been more than 4 decades since Montana’s last
large earthquake. However, these conditions cannot be expected to continue. Even in the absence of these
aggravating factors, landslides continue to occur. Because many areas of Montana are undergoing rapid
development and growth, the rate of occurrence and the severity can be expected to increase dramatically
when more normal weather conditions and seismic activity occur.

If high-risk, landslide-prone areas are identified before further development, it can help prevent loss



of lives, minimize property damage, and mitigate damage to existing structures. Development has already
occurred in some high-risk areas, but knowledge of the locations and types of movement, and
identification of the underlying causes of the earth movement can be used to reduce future problems.

Many, if not most, high-risk areas can be identified on the basis of past landslide activity. Many
recent landslides are small, relatively minor events within the boundaries of older, much larger ones.
Recognition of the larger framework as well as mapping current landslide locations is paramount to
understanding the problem.

The information contained in the database resulting from this study provides the framework of
modern and ancient landslide occurrences as well as the most obvious underlying causes of movement for
landslides in MDT’s District 2. Linkage to a GIS database enables the user to view landslide locations at
various map scales and to overlay them on available map coverages, such as roads and other cultural
features, topography, shaded relief, and geology. This provides a powerful tool for technical and
nontechnical personnel to be able to visualize the information that would otherwise be available only as a
tabulation of data or presented on static maps.

For those individuals or agencies that will actively use the database, sufficient information is supplied
to suggest the basic causes or mechanisms of the clustered landslide areas identified during this project.
MBMG and MDT are obvious potential users of the database; others include civil engineers and
architects, university geology departments, corporate and private landowners, corporate and private
geologists and engineers, federal agencies, and city, county, and state planning agencies.

The database must be viewed as a work in progress. Many small landslides cannot be shown at the
scale of the current maps, and new landslides should be added to the database as they occur or are
reported. At the minimum, new map coverages can be used in conjunction with the landslide database as

soon as they are available or updated in a GIS.

5.0 RESULTS

This study identified 4,640 landslides (table 1, figure 1) in the area covered by District 2 (figure 2,
appendix A). They are somewhat more common and of larger extent in the southern half of the district,
and many of them occur within a 5-mile buffer area along District 2 roads. Landslides within about 5
miles of roadways are considered the most important. Five-mile buffers along the routes (figure 3,
appendix A) cover a large-enough part of the total area, however, to warrant a simplified inventory of all
landslides, rather than those only along the routes. The areas most prone to landsliding (figure 4, appendix
A) were assigned priorities (1 being the highest) for probable further movement and possible damage.

The identified total is considerably less than the actual number of movements that must be present,
however, primarily due to the size constraints of the map scales used, the dates of air-photo coverage, and
the limits of recognition and perception of aerial mapping. Of those included in this study, the material
mvolved in 1,922 landslides has been classified as earth, 2,556 as debris, and 162 as rock. Debris was used
as a default category; if a determination of the material in the landslide had not been made, the slide material

was classified as debris.



The most important movement types identified for landslides in District 2 are slides and flows (table
1). There are as follows:

e 2,759 identified as slides,

e 1,813 identified as flows,

* 54 identified as complex,

* o landslides identified as falls, topples, or spreads, although they exist at scales that could not be

included in this project,
* 14 landslides for which the type of movement was not identified. These are identified in the

database by a slash separating the types of movement (slide/flow).

Table 1.  Total landslides by material and movement type for MDT’s District 2.
L. Total Area Total Area Average Area | Average Area
Description Count
(M?x 1,000) | (Acres x 1,000) (M? x 1,000) (Acres x 10)
Earth slide 1259 237565 58.1 189 50
Earth slide/flow 7 13,106 32 1,872 460
Debris slide 1454 395,085 97.3 272 70
Debris slide complex 2 4,930 1.2 2,465 610
Earth flow 651 403,616 100.5 620 150
Earth flow, complex 5 37213 9.2 7,443 1840
Rockslide/flow 46 10881 2.8 237 60
Debris flow 1047 1052378 263.3 1,005 250
Debris and rock flow 6 19496 4.8 3,249 800
Debris flow, complex 47 434117 107.7 9,237 2290
Rock flow 115 73550 19.4 640 170
. 1 10128 2.4 10128 2380
Rock slide/flow
Earth slide/flow
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Earth slide
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Figure 1.  Percentages of landslides by type in MDT’s District 2.



6.0 EFFECTS OF LANDSLIDING

Some areas are particularly landslide prone, and the maps in appendix A enable the user to quickly
identify them. Overlays of the landslide locations with maps depicting cultural features permit a quick
evaluation of the larger features that would be most endangered by renewed or additional landslide
movement (table 2). In all map areas demonstrated for District 2, communities, utilities, roads, and
waterways are susceptible to landslides. Resorts, lakes, and railroads are also susceptible, although of

somewhat more restricted distribution.

Table 2.  Features that could be affected by renewed or additional landsliding for each 1:250,000-scale

area in the Butte District.

1:250,000 1:100,000 Possibly Affected by Movement
Scale Map Scale Map Communities | Resorts | Utilities | Roads | Lakes |Waterways | Railroad
Ashton X X X X
Bozeman Bozeman X X X X X
Livingston X X X X X
Gardiner X X X X X
Ennis X X X X X X
Butte X X X X X X X
Dillon X X X X X
Dubois X X X X X X
[White Sulphur Springs X X X X X

7.0 CAUSES AND TRIGGERING MECHANISMS

Landslides can have several causes (real causes) but only one trigger (immediate cause). In some
cases, landslides may occur without an apparent attributable trigger. The landslide triggers have been well
documented in only a few of the better known (most catastrophic) slides in Montana. One of those is the
1959 Madison Slide where more than twenty people lost their lives. The immediate cause or trigger for
the slide was a 7.1 earthquake centered north of West Yellowstone, Montana. Some of the real causes
include adversely oriented bedding, an increase in water content due to higher than normal precipitation,
and the presence of steep slopes (Curtiss, 1960; and Curtiss and Knight, 1960).

Table 3 shows those factors most commonly identified as contributors to landslides. Many landslides
in District 2 are located along fault traces and/or in areas where folded strata are common, indicating the
harmful effects that fracturing or tilting of beds have on slope stability. While earthquakes, which may
result from movement along faults, are often the triggering mechanism for landslides, it is unlikely that
either the faulting or the folding is recent enough to be the immediate cause. Contributing factors may
include the following:

* A few very recent fault movements may have formed scarp faces (broken ground) along which

landsliding is prone to occur, in response to unstable slope conditions.

*  More landslides probably occur in association with the faulting and folding due to over-



steepening of the strata, displacement of the strata (offsetting beds), and creation of adversely
dipping strata (downslope dips) in these areas.
» Differential erosion may also occur, due to the offsetting effect of fault movement on the strata
involved.
*  Weakening of cohesive units may accompany fault movement; the weakening may allow ground
water to saturate the material, or it may provide shear zones that facilitate the movement.
Whether the cause is geologic, morphologic, physical, or human, any one of the factors listed in table
3 can be found at some landslide location in Montana. The most common real causes found in this study
for MDT’s District 2 are sensitive materials, adverse orientation of geologic strata, fluvial erosion of the
toes of landslides, vegetation removal, increased moisture content, and excavation of slope or toe
material. The most common triggers appear to be human activity, seismic activity, removal of ground

cover, and increased moisture content.

Table 3.  Factors that can be considered as contributing to or causing the tendency to landslide in the Butte

District.
1:100,000 Factors Contributing to Landsliding
1:250,000-Scale Map Human
Scale Map | Topography |Glaciation| Undercuts|Dips Faults|Structure Intrusive Activity
Ashton X X X X X
Bozeman Bozeman X X X X X X
Livingston X X X | X X X X
Gardiner X X X X X
Ennis X X X X X X X
Butte X X X X X X X
Dillon X X X X X X X X
Dubois X X X X | X X
White Sulphur Springs X X X | X X X X

8.0 CLASSIFICATION SYSTEM
Use of the modified classification system developed by Cruden and Varnes (1996) worked well for

this project (table 4). It allowed assignment of the most basic classification (type of material and type of
movement) to the data and provides for addition of other information if it becomes available.

Each landslide in this study was typed/classified using this basic system (type of material, type of
movement). For most of the landslides in District 2, little, if any, additional information was available.

Appendices D and E provide a more complete discussion of this system and the terminology used.



Table 4. Simplified classification system adopted for use in this study for the landslides located in the
Butte District. Modified from Cruden and Varnes, 1996.

Type of Material
Type of Movement Engineering Soils
Predominantly . .
Bedrock Predominantly Fine
Coarse

Fall Rock Fall Debris Fall Earth Fall
Topple Rock Topple  |Debris Topple Earth Topple
Slide Rock Slide Debris Slide Earth Slide
Spread Rock Spread  |Debris Spread Earth Spread
Flow Rock Flow Debris Flow Earth Flow

Complex/Composite Combination of two or more principal types of movement

9.0 GEOLOGIC DISCUSSION
The following discussion is based on geologic maps produced by either the USGS or the MBMG.

There are some differences between the two sources in the abbreviations used and the names for
formations/deposits involved. Therefore, the abbreviations and formations/deposits names are taken
directly from the geologic maps that were used. Originating formations listed for each area are described in

greater detail in appendix B.

9.1 Ashton 1:250,000-Scale Quadrangle (Figure 5, Appendix A):

Only the northwest corner of the Ashton area is located in Montana, and large debris flows and
flow/slide complexes dominate it. The occurrence of slides versus flows appears to be random. The
locations of debris slides and flows occur most often in the higher, steeper and tree-covered areas. Two

areas containing clustered landslides were identified during this project (figure 5).

Area 1 is located in the Gravelly Mountain Range where prior glaciation has strongly affected the
topography (figure 5). Steepened slopes caused by glaciation can be related to some landslide locations,
and there appears to be a relationship to faulting. The landslides in area 1 tend to cover large areas. Large
debris flow complexes, earth flows, earth slides, debris flows, debris slides, rock flows, and rock slides
are present. No single formation can be identified as the major source of landsliding (table 5). The
originating formations include Quaternary colluvium (Qc), Quaternary pediment gravel (Qtp), Tertiary
travertine lake or hot springs deposits (Ttr), Cretaceous Thermopolis Formation (Kt), Cretaceous Mowry
Shale (Kt), undivided Cretaceous Mowry Shale and Thermopolis Formations (Kmt), and Archean Marble
(Am). This area is located north and upslope from the eastern end of the Centennial Valley where Upper
and Lower Red Rock Lakes are located along the course of Red Rock Creek. Part of the eastern extent of
the area is located along both sides of State Highway 287.



Table 5. Formations identified as originating landslides in the Ashton 1:250,000-scale area (figure 5).

Ashton Formations (appendix B)
1:250,000-Scale -
M Quaternary Tertiary Cretaceous Archean
ap
Qa Qtp Ttr Km Kmt Kt Am

Area 2 is south of area 1 and extends across the Continental Divide into Idaho (figure 5). Numerous faults
transecting the area, and steep topography caused by prior glaciation, have contributed to instability of
slopes in this area. It contains two debris flow complexes, several debris flows, and debris slides. The
originating formations include Tertiary travertine lake or hot springs deposits (Ttr), Cretaceous
Thermopolis Formation (Kt), Cretaceous Mowry Shale (Km), and undivided Cretaceous Mowry Shale
and Thermopolis Formations (Kmt) (table 5). New or renewed movement could affect Upper and Lower
Red Rock Lakes and Red Rock Creek and the secondary state road through the valley.

9.2 Bozeman 1:250,000-Scale Quadrangle:

The occurrence of slides versus flows appears to be random. The locations of debris slides and
flows occur most often in the higher, steeper- and tree-covered areas. Rock slides occur only on high
barren slopes in areas that were probably glaciated. The majority of landslides in this area were classified
as earth slides or flows. Although the landslides were originally plotted at 1:250,000 scale, the geology
for the area was compiled and mapped at the 1:100,000 scale. The portions of the Bozeman area
containing clustered landslide locations are discussed below under each of the four 1:100,000-scale map
quadrangles (Bozeman, Livingston, Gardner and Ennis) that are included within the 1:250,000-scale

quadrangle.

9.3 Bozeman 1:100,000-Scale Quadrangle (Figure 6, Appendix A):

The majority of landslides in this area were classified as earth slides or flows. This study located 10
areas with clustered landslides.

Area 1 is immediately east of the community of Willow Creek and south of the secondary state road
between the communities of Three Forks and Willow Creek (figure 6). It contains both earth slides and
earth flows. Area 1 is immediately south of the Southwest Montana Transverse Zone (the zone of faulting
crossing Montana from southeast to southwest, transverse to, or across the prevailing structural trend),
and two unnamed southeast-trending faults cross it. The originating formation for all the landslides is
Tertiary Climbing Arrow Formation (Tca) (table 6). Renewed or additional movement is less likely to
cause problems in area 1 than in some of the other areas, but could affect Montana State Highway 2, the

community of Willow Creek, Willow Creek or the Jefferson River.



Table 6. Formations identified as originating landslides in the Bozeman 1:100,000-scale area (figure 6).

Formations (appendix B)

Bozeman
1:100,000- |Quaternary/ . .
. Tertiary Cretaceous Cambrian Archean
Scale Map | Tertiary
QTgr Tca Tdc Kit CmCp Aamh Aq
Tmva Ts Aqfg

Area 2 is south of area 1 in the central part of the Bozeman quadrangle (figure 6). It contains both earth
flows and earth slides. The eastern extent of area 2 parallels the Madison River. Three southeast-trending
faults cross the area, and two folds are located immediately to the west. This area contains both earth
slides and earth flows. The originating formation for the landsliding is the Tertiary Dunbar Creek
Formation (Tdc) (table 6). Renewed movement could affect the Madison River or the secondary roads in

the area.

Area 3 is east of State Highway 287 and southwest of Willow Creek Reservoir (figure 6). It contains both
large earth flows and earth slides. The Cherry Creek fault and another unnamed fault cross the area. Two
of the earth flows appear to originate in Quaternary and Tertiary gravels (QTgr) and flow through
Tertiary sediment or sedimentary rocks (Ts) and down into the Tertiary Dunbar Creek Formation (Tdc)
(table 6). The remaining landslides originate in the Tertiary Dunbar Creek Formation. Renewed
movement could affect Dry Hollow Creek and Norwegian Creek and tributaries of Willow Creek.

Highway 287 and a small reservoir (Willow Creek Reservoir) could also be affected.

Area 4 is in the south-central part of the Bozeman quadrangle along the west side of the Madison River
valley (figure 6). It contains both earth slides and large earth flows. Area 4 is crossed by two southeast
trending faults; the southernmost fault is the Elk Creek Fault. The originating formations (table 6)
include Quaternary and Tertiary gravels (QTgr); Tertiary Dunbar Creek Formation (Tdc) and Archean
quartzofeldspathic gneiss (Aqfg). Renewed movement in the area could affect the Madison River
course, or State Highway 84.

Area 5 is located in the southeastern corner of the Bozeman quadrangle along the base of the Gallatin
Range (figure 6). It contains several large debris flows and slides that appear to have started due to stream
undercutting. Faults occur in the area, including a fault located along the base of the mountain front. All
of the debris flows in area 5 occur on or near fault traces. The originating formations (table 6) include the
Tertiary Madison Valley Formation (Tmva), Cambrian Meagher Limestone (Cm), the Cambrian Park
Shale (Cp), and quartzofeldspathic gneiss (Aqfg). This area is upstream from the Gallatin River and
renewed movement could affect the tributaries, including Bozeman Creek, which flows through the

community of Bozeman. A more-detailed study should be done to assess the risk for the area.



Area 6 is located west of area 5 on the southern edge of the Bozeman 1:100,000-scale quadrangle (figure
6). It contains both earth flows, large debris flows, and earth slides. The Salesville, Elk Creek and Cherry
Creek faults cross this area, as do several unnamed faults. The slides appear to be strongly associated with
the faulting. The originating formations include (table 6) the Tertiary Madison Valley Formation (Tmva),
Tertiary sediment or sedimentary rock (Ts), the Cambrian Meagher Limestone (Cm), the Cambrian Park
Shale (Cp), Archean quartzite (Aq), and Archean quartzofeldspathic gneiss (Aqfg). The area is in the

upper reaches of the tributaries of the Madison and Gallatin Rivers, and Camp Creek.

Areas 7 and 8 are located west of area 6 and along the southern edge of the Bozeman quadrangle (figure
6). They contain both earth slides and earth flows, and an unnamed fault crosses both areas. The
originating formations (table 6) include Archean amphibole and hornblende gneiss (Aamh), and Archean
quartzofeldspathic gneiss (Aqfg). Renewed movement could affect Bear Trap and Pole Creeks, tributaries
of the Madison River. State Highway 84 could also be affected.

Area 9 is located west of area 8 (figure 6) and contains earth slides and flows. Its originating formations
(table 6) include Tertiary sediment or sedimentary rocks (Ts), Cretaceous intrusive rocks belonging to the
Tobacco Root Batholith (Kit), and Archean quartzofeldspathic gneiss (Aqfg). Most of the landslides are
along Hot Springs and Woods Creeks, just upstream from Norris Hot Springs and State Highway 287.

Area 10 is located in the southwest corner of the Bozeman area, along the Tobacco Root Mountain front
(figure 6) and contains both debris slides and flows. Rock flows become prominent higher in the batholith
on barren slopes, and the Mammoth Fault crosses the area. The originating formation is a Cretaceous
intrusive of the Tobacco Root Batholith (Kit). Renewed movement could affect the drainages of

Norwegian and Willow Creeks.

9.4 Livingston 1:100,000-Scale Quadrangle (Figure 7, Appendix A):

The landslides in the Livingston quadrangle are not evenly distributed; an area in the east-central
part of the 1:100,000-scale area contains very few. The Cretaceous Hell Creek and Fox Hills Formations
crop out in those areas. Many of the slides and flows in the northern and central part of the area seem to
have an association with dikes and faults. The steepness of the topography and faulting appear to be the
largest factors in landsliding in the southern and western part of the area. The landslides labeled as earth
slides or flows are largely located in outcrops of the Tertiary Fort Union Formation. This study identified
14 areas that seem to have clustered landslides. Areas 3 through 8 are associated with the southern flank

of the Crazy Mountains.

Area 1 is in the Bridger Mountain Range in the northwest part of the Livingston quadrangle (figure 7) and
contains numerous thrust faults and tight folds. Landsliding consists of a debris flow complex, large

debris flows, debris slides and earth slides. Because of the topographic steepness and geologic structures,
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the originating formations (table 7) are difficult to determine at the 1:100,000 scale but include the
Cretaceous Sedan Formation (Kse), the Ordovician-Cambrian Snowy Range Formation and Pilgrim
Limestone (Ocsp), and the Cambrian Park, Meagher, Wolsey and Flathead Formations (Cpf). Renewed
movement could affect the upper tributaries of Bridger Creek and State Highway 86.

Table 7. Formations identified as originating landslides in the Livingston 1:100,000-scale area (figure 7).

Formations (appendix B)
=
2 2 L Bk -5 | 3 _
5 E8 g E 25 5 A& 8 &
Tftr Tmva | TKfu Kbc Kclf Jm PMpa Mm DOt Ocsp Cf
Kco Kcus PMqa Cpf
Ke Kf Kho Kjre Cpl
Kk Klsr Kmfr
Kmi Kse Ktc

Area 2 is in the west-central part of the Livingston quadrangle (figure 7). The area is in the upper reaches
of the tributaries of Bracket and Jackson Creeks. Bracket Creek is a tributary of the Shields River, and
Jackson Creek is a tributary of the East Gallatin River. The area includes a thrust fault, a normal fault, and
several folds, and contains earth and debris slides and earth and debris flows. The undivided Tertiary-
Cretaceous Fort Union Formation (Tkfu) is the originating formation (table 7). New or renewed movement
is less likely to affect major streams or transportation routes than some other clusters in this area.

Area 3 is in the upper reaches of Cottonwood Creek and its tributaries in the north central part of the
Livingston quadrangle (figure 7). It includes a few earth slides a debris flow complex, debris flows and
debris slides. There are a few dikes and an intrusive body included in area 3. The largest slide complex
originates from an intrusive body and the originating formations (table 7) include Tertiary alkalic
intrusives (Tai), and undivided Tertiary-Cretaceous Fort Union Formation (TKfu). New or renewed
movement could affect Cottonwood Creek, which is a tributary of the Shields River; the Shields River
parallels U.S Highway 89.

Areas 4, 5, 7 and 8 are east of area 3 in the northeastern corner of the Livingston quadrangle (figure 7) in
the upper reaches of tributaries of the Yellowstone River. Area 7 contains only earth slides, but areas 4, 5,
and 8 also contain earth flows. These areas are crossed by or contain dikes and intrusive bodies. The
originating formation is the undivided Tertiary-Cretaceous Fort Union Formation (TKfu). New or renewed
movement in areas 7 and 8 could affect the tributary systems of West and East Fork Duck and Little
Timber Creeks, tributaries of the Yellowstone River. U.S. Interstate Highway 90 is on the southern side of
the Yellowstone River.
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Area 6 is north of areas 5 and 8 in the northeast part of the Livingston quadrangle (figure 7). It includes
debris flows and slides, and is close to several dikes. The originating formations (table 7) include undivided
Tertiary-Cretaceous Fort Union Formation (TKfu), and the Tertiary Tongue River Member of the Fort
Union Formation (Tftr). New or renewed movement is less likely to affect streams or transportation
routes than in other areas, but this one is in the upper reaches of the Yellowstone River tributaries.

Area 9 is in the southeastern corner of the Livingston quadrangle (figure 7) along the Absaroka-Beartooth
Range front. It includes one large debris flow complex, an earth slide complex, debris flows and slides,
and earth flows and slides. There are several faults and fold structures in the area. Several of the large
debris flows and the complexes are located along the Boulder River or one of its tributaries. Some of the
landslides appear to have formed from undercutting; therefore, each separate landslide location may
include several formations. These originating formations (table 7) include Cretaceous Cody Shale (Kco),
the Cretaceous Frontier (Kf), the Cretaceous Kootenai Formation (Kk), the Cretaceous Mowry Shale
through Fall River Formation (Kmfr), the Pennsylvanian and Mississippian Phosphoria, Quadrant, and
Amsden Formations (Pmpa), the Mississippian undivided Madison Group (Mm), and the Jurassic
Morrison Formation (Jm). New or renewed movement could affect the West and East Forks of the
Boulder River and the Boulder River.

Area 10 is northwest of area 9 in the south-central part of the Livingston quadrangle (figure 7). It contains
one very large earth slide complex, and earth flows and slides. The large earth slide complex and several
other landslides seem to be associated with faults of the Nye-Bowler fault zone. The originating
formations are all Cretaceous (table 7) and include the Cody Shale (Kco), the Judith River through Eagle
Formations (Kjre), the volcanic rocks of Sliderock Mountain Member of Livingston Group (Klsr), and the
Telegraph Creek Formation (Ktc). Area 10 is immediately south of the Yellowstone River. U.S. Interstate
Highway 90 and the Burlington Northern Railroad run parallel to the river, and could be affected if
renewed movement occurred.

Area 11 is west of area 10 in the south-central part of the Livingston quadrangle (figure 7). There are
several faults and a fold structure in this area, and it includes earth slides and flows that are located along
stream courses in the drainage system for the Yellowstone River. The originating formations (table 7)
include Cretaceous Cody Shale (Kco), Judith River through Eagle formations (Kjre), undivided Jurassic
Ellis Group (Je), and Pennsylvanian and Mississippian Phosphoria, Quadrant and Amsden Formations
(PMpa). This area is in the upper reaches of the Yellowstone River tributaries and is, therefore, not likely
to affect waterways and transportation routes. However, U.S. Interstate Highway 90, State Highway 89,
the Burlington Northern Railroad, and the community of Livingston could be affected.

Area 12 is west of area 11 in the south-central part of the Livingston quadrangle (figure 7). It includes
numerous thrust faults, additional faulting, and tight fold structures. The eastern extent of the area lies along
the Yellowstone River and its tributary, Strickland Creek. It includes one debris flow complex, debris
slides and flows, and earth slides and flows. The eastern boundary of the area is parallel to the
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Yellowstone River Valley, and the slides located along it include more than one formation due to
undercutting. The originating formations (table 7) include Cretaceous Kootenai Formation (Kk),
Cretaceous Mowry Shale through Fall River Formations (Kmfr), undivided Mississippian Madison Group
(Mm), Devonian-Ordovician Three Forks, Jefferson, and Big Horn Formations (DOt), and the Cambrian
Pilgrim Limestone (Cpl). This area is upstream from the Yellowstone River, Montana Highway 89, the
Burlington Northern Railroad, and the community of Livingston.

Area 13 is in the southwestern corner of the Livingston quadrangle (figure 7) and includes several faults,
including thrusts, and several tight folds that have created steeply dipping beds. The northern extent of the
area is parallel to and along both sides of the Yellowstone River. It includes debris flow complexes, and
debris flows and slides. The originating formations (table 7) include the Cretaceous Brilliant Creek
Formation (Kbc), the Cretaceous lower shale member of the Cody Shale and Frontier Formations (Kclf),
the Cretaceous upper shale member of the Cody shale (Kcus), the Cretaceous Mowry Shale through Fall
River Formations (Kmfr), the Cretaceous Miller Creek Formation (Kmi), the undivided Mississippian
Madison Group (Mm), the Jurassic Morrison Formation (Jm), the Pennsylvanian-Mississippian Quadrant
and Amsden Formation (PMgqa.), and the Cambrian Flathead Formation (Cf). Since area 13 lies along the
Yellowstone River and its tributaries, those waterways could be affected if movement renewed or if new
movement occurred. U.S. Interstate Highway 90 and the Burlington Northern Railroad parallel the river,
so renewed or new movement could affect all three.

Area 14 is in the west-central part of the quadrangle along the south edge of the Bridger Range (figure 7).
The area contains numerous faults, including thrusts, and steep dips. It includes debris flows and slides,
two slide complexes and a few earth slides. The originating formations (table 7) include the Tertiary
Madison Valley Formation (Tmva), the Cretaceous lower shale member of the Cody Shale and Frontier
Formations (Kclf), the Cretaceous Eagle (Ke), Hoppers (Kho), and Telegraph Creek Formations (Ktc).
This area is upstream from the East Gallatin River and from Bridger Creek. State Highway 86 parallels
Bridger Creek and U.S Interstate 90 parallels East Gallatin River. The Burlington Northern Railroad
parallels U.S, Interstate 90. Renewed or new movement could affect either or both of the waterways and
any or all of the transportation routes.

9.5 Gardiner 1:100,000-Scale Quadrangle (Figure 8, Appendix A):

The Gardiner 1:100,000-scale area contains most of the Absaroka Mountain Range, Paradise
Valley, and part of the northern edge of Yellowstone National Park. Fewer landslides have been identified
in this area than in the rest of the Bozeman 1:250,000 map area. Landsliding includes both debris and
rock slides, and earth, debris and rock flows. This study identified seven areas that appear to have
clustered landslides:

Area 1 is in the west-central part of the Gardiner quadrangle (figure 8). The eastern extent of area 1
parallels the Yellowstone River valley, and landslides occur on both sides of the valley. It contains one

very large debris slide/flow complex, large debris flows, and debris slides. It contains some faulting along
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which some landsliding has occurred. Some of the landslides are located at the change in slope between

Paradise Valley and its bordering mountains; others are on tributaries, therefore undercutting may have

played a part. There are numerous originating formations (table 8), including Quaternary glacial lake

deposits (Qgl), Tertiary Hyalite Peak volcanics, andesite epiclastics (Tae), Tertiary Hyalite Peak volcanic-

andesite flows (Tanf), Tertiary basalt (Tba), Tertiary Dacite intrusives (Tdi), Tertiary Colmeyer Creek

volcanic-andesite sills (Tgcf), and undivided Tertiary volcanic rocks (Tv), and Permian through Cambrian

Mylonite (PCmy). New or renewed movement in area 1 could affect Big Creek, Tom Minor Creek (both

tributaries of the Yellowstone) and/or the Yellowstone River. In addition, State Highway 89 runs parallel

with the Yellowstone River through Paradise Valley.

Table 8. Formations identified as originating landslides in the Gardiner 1:100,000-scale area (figure 8).

Formations (appendix B)
. . Devonian/ | Permian- )
Quaternary | Tertiary | Cretaceous |Mississippian . . Cambrian | Archean
Ordovician |Cambrian
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Area 2 is in the east-central part of the Gardiner quadrangle (figure 8). It is a small area containing three
large earth flows. The area is very close to Chico Hot Springs and is located at the slope break between
Paradise Valley and the Absaroka-Beartooth Mountains, and along both sides of Emigrant Creek.
Numerous faults nearby may have contributed to the landsliding. The originating formations (table 8)
include Tertiary dacite porphyry (Tdp) and Permian Cambrian mylonite (PCmy). Due to the proximity of
area 2 to a public recreational area (Chico Hot Springs) and a tributary of the Yellowstone River, new or
renewed movement could affect both, as well as State Highway 89.

Area 3 is in the north-central part of the Gardiner quadrangle in the sediments of Paradise Valley (figure
8). One fault crosses the area and two more are nearby. It contains three, large debris flows. The
originating formations (table 8) include Quaternary glacial till (Qgt), and Archean amphibolites and
gneiss (Aga). Renewed movement in the area could affect the secondary road (540) to Chico Hot Springs,
or the Yellowstone River, or Montana Highway 89.

Area 4 is in the east-central part of the Gardiner quadrangle in the Absaroka-Beartooth Mountain Range
(figure 8). It contains both debris and rock flows, and involves the Boulder River and three of its
tributaries. It is immediately south of an area containing intrusive sills and dikes, and north of two fault
traces. There are faults and intrusive dikes in the area. The originating formation is Archean gneiss (Agn,
table 8). Renewed movement could affect the upper reaches of the Boulder River tributary system and the
Boulder River.
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Area 5 is in the east-central part of the Gardiner quadrangle between areas 4 and 6 (figure 8). Slopes in
this area have been over-steepened by prior glaciation. It contains rock slides, a debris flow and debris
slides. There are faults and intrusive dikes in the area. The originating formation is Archean gneiss (Agn).
New or renewed movement in this area is not likely to affect any major waterways or transportation
routes. It is in the upper reaches of Slough Creek.

Area 6 is in the south-central through southeastern portion of the Gardiner quadrangle (figure 8). Most of
the landslides are located along the steep sides of creeks (Pebble, Slough, Buffalo, Hellroaring and their
tributaries) in a previously glaciated area. It contains very large debris slides and flows. Three faults cross
the area and more are located nearby. Almost all the large landslides in area 6 are in or very near Tertiary
volcanics. The originating formations (table 8) include undivided Quaternary sediments (Qs), undivided
Tertiary volcanic rocks (Tv), the undivided Mississippian Madison Group (Mm), the Devonian-
Ordovician Three Forks, Jefferson, and Big Horn Formations (DOt), and undivided Cambrian
sedimentary rocks (Cs). New or renewed movement in this area is unlikely to affect any major waterways
or transportation routes.

Area 7 is in the southwestern part of the Gardiner quadrangle. The landslides are located along the
tributaries of the Yellowstone River and the Gardiner River (figure 8). The area contains a large earth
flow, debris slides, and very large debris flows, and is in a region containing numerous faults and
intrusive dikes that appear to induce or contribute to landsliding. The numerous originating formations
(table 8) include Quaternary glacial till (Qgt), Quaternary Huckleberry Ridge tuff (Qyh), Tertiary Hyalite
Peak volcanics, breccia vent facies (Tae), Tertiary dacite intrusives (Tdi), the Tertiary Sepulcher
Formation (Tse), the Tertiary Lost Creek Tuff member of the Sepulcher Formation (Tslc), and the
Cretaceous Landslide Creek through Frontier Formations (KIf). One very large debris flow lies
immediately west of and upslope from the community of Gardiner, and the Yellowstone and Gardiner
Rivers. The earth flow and a debris slide are located immediately east of Montana Highway 89, and the
remaining landslides are located on or near tributaries of the Yellowstone River. New or renewed
movement could affect any or all of these features.

9.6 Ennis 1:100,000-Scale Quadrangle (Figure 9, Appendix A):

The Ennis 1:100,000-scale area contains several very large flows. The debris flows are concentrated
in the mountainous areas. The earth flows and debris slides tend to be concentrated in the valley areas.
This project identified 19 areas in the Ennis quadrangle that appear to have clustered landslides, but there
are also many large slides and flows outside of the clustered areas.

Area 1 is in the north-central portion of the Ennis quadrangle in the Madison Range (figure 9). It lies
along the east shore of Ennis Lake and along the Madison River north (downstream) of the lake. It
contains large debris slides and earth flows. A thrust fault and several other faults cross or are in the area.
Due to the faulting, there are numerous originating formations (table 9), including Quaternary alluvial
terrace gravels (Qat), Quaternary colluvium including glacial deposits (Qgt), undivided Tertiary
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sedimentary rocks (Ts), undivided Permian sedimentary rocks (Ps), the Mississippian-Devonian Three
Forks and Jefferson Formations (MDtj), Archean amphibole (Aam), and Archean mylonite of the
Crooked Creek shear (At). If new or renewed movement begins, Ennis Lake, the Madison River, and U.S.
Highway 287 could be affected due to proximity to this area.

Table 9. Formations identified as originating landslides in the Ennis 1:100,000-scale area (figure 9).

Formations (appendix B)
Ennis . ] .. . . |Mississippian/ )
1:100.000- Quaternary | Tertiary | Cretaceous | Permian |Mississippian . Cambrian | Archean
P Devonian
Scale Area| Qaf Qat Tc Tg Ti Kco Kd Kev Ps Ml Mm MDtj Cm Cmf Aam Agn
Qc Qgr Ts Tvt [ Kf Kk Km Agp Ama
Qgt Qta TvTw  |[KmtKs Ktc At Aq

Area 2 is east of area 1 in the north-central part of the Ennis quadrangle area in the Madison Range
(figure 9). It is across the range divide from area 1. It contains only three debris slides; one of them is
very large. Steep topography and dips appear to have induced the landsliding because there are no faults
shown nearby. The originating formations (table 9) include Quaternary glacial sediments or rocks (Qgt),
undivided Permian sedimentary rocks (Ps), Archean amphibole (Aam), and Archean quartzite (Aq). New
or renewed movement could affect the upper reaches of Cherry Creek, but no major waterways or
transportation routes.

Area 3 is in the west-central part of the Ennis quadrangle (figure 9). It contains a large slide complex
located on both sides of Montana Highway 287 where the community of Virginia City is located. In
addition, area 3 contains debris flows and slides and an earth flow. One fault crosses the southern part of
the area and another is adjacent to the northern part of the area. In addition, an intrusive dike and a fold
structure are nearby. The originating formations (table 9) include undivided Tertiary volcanic rocks (Tvt),
Tertiary felsic tuff (Tw), undivided Permian sedimentary rocks (Ps), and Archean gneissic rocks (Agn).
Continued or renewed movement in this area would further affect State Highway 287, Alder Creek and

the community of Virginia City.

Area 4 is directly west of area 3 in the west-central part of the Ennis quadrangle (figure 9) and it extends on
both sides of State Highway 287. No faults are near the area, but most of the slides appear to be located on
tributaries of the Madison River. The originating formations (table 9) include undivided Tertiary volcanic
rocks (Tvt), undivided Permian sedimentary rocks (Ps), and Archean gneissic rocks (Agn). New or renewed
movement of the area could affect State Highway 287 and possibly the Madison River.

Area 5 is directly south of area 4 in the west central portion of the Ennis quadrangle (figure 9). The
eastern part of the area is near the west side of the Madison River and most of the landslides appear to be

located on tributaries upslope from the river. The western extent of the area is in the upper reaches of
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Alder Creek. There are several faults located in area 5, and it contains one very large earth flow complex,
additional smaller earth flows, and earth slides and debris flows. The originating formations (table 9)
include Quaternary colluvium and glacial gravels (Qgr), undivided Tertiary gravels (Tg), undivided
Tertiary volcanic rocks (Tvt), undivided Permian sedimentary rocks (Ps), the Mississippian Lodgepole
Formation (Mm), the Mississippian-Devonian Three Forks and Jefferson Formations (MDt;j), and
Archean tonolitic gneiss of the Crooked Creek Formation (At). New or renewed movement could affect
the Madison River, the community of Virginia City and State Highway 287.

Area 6 is located in the central part of the Ennis quadrangle on the west-facing front of the Madison
Range (figure 9). It is upslope of and along tributaries of the Madison River and contains large debris
slides and flows. The flows are limited to the Cretaceous formations. Numerous thrust faults with
overturned formations in the area appear to have contributed to landsliding. Additional faults, intrusive
dikes, tight fold structures, steep dips and topography also affect the area. Due to extensive faulting, there
are numerous originating formations (table 9), including the Cretaceous Mancos Shale (Km), the
Cretaceous Dunkleburg Formation (Kd), Cretaceous Virgelle member of the Eagle Formation (Kev), the
Cretaceous Kootenai (Kk) and Mowry through Thermopolis Formations (Kmt), the Mississippian
Mission Canyon Lodgepole Formation (Mm), the Mississippian-Devonian Three Forks and Jefferson
Formations (MDtj), and Archean amphibolite (Aam). New or renewed movement or additional
landsliding could affect Jack Creek and North Fork Bear Creek, tributaries of the Madison River. This
area is also upstream from a public resort area (Big Sky ski area, including the resort communities of Big
Sky Mountain Village and Big Sky Meadow Village.)

Area 7 is located east of the northern end of area 6 in the central portion of the Ennis quadrangle (figure
9) in the Madison Range, south of Spanish Peaks. For this area, the landsliding is north of State Highway
64 except in the southeastern part of the area where it crosses to the south side of the highway
immediately east of the Big Sky Meadow Village. It contains two very large debris slide/flow complexes
and numerous debris slides and flows. Most of area 7 is south of a major thrust fault and is in Cretaceous
rock, but the area does extend north across the thrust where landsliding occurs in much older units. The
area also contains fold structures, and appears to have been previously glaciated. The steepness of the
topography and steep dips in the area also contribute to the area’s tendency to move. The numerous
originating formations (table 9) include Quaternary glacial till and other sediments (Qgt), the Cretaceous
Dunkleburg Formation (Kd), the Cretaceous Virgelle member of the Eagle Formation (Kev), the
Cretaceous Frontier (Kf) and Kootenai Formations (Kk), the Cretaceous Mowry Shale through the
Thermopolis Formation (Kmt), and Archean granite porphyry of the Hellroaring Creek Formation (Agp).
Renewed or additional landsliding could affect the rapidly growing area around the ski resort (Big Sky),
the communities of Big Sky Meadow Village and Big Sky Mountain Village, the Middle Fork and West
Fork of the Gallatin River, and State Highway 64. A more detailed study should be done for this area.

Areas 8, 9, 15, and 16 are located south and east of areas 6 and 7 (figure 9). Landslide types and
originating formations in these areas appear to be similar to those in the southern part of area 7. Area 8 is
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immediately southwest of the ski resort; area 9 is immediately south and west of area 8. Areas 15 and 16
are south of area 9, and 16 is on the southern-central edge of the Ennis area. The northern parts of area 9
cross State Highway 64 in two locations, and the western part of area 9 crosses State Highway 191. They
both contain very large debris slide/flow complexes, debris flows, and debris slides. Area 9 contains a few
carth slides where it crosses State Highway 64 near Big Sky Mountain Village. These areas are almost
totally in Cretaceous rock and lie south of a major southwest-trending thrust fault crossing the area.
Additional faulting is present in area 9, immediately north of another southwest-trending thrust fault.
Only one fold is mapped south of and parallel to the northernmost thrust fault. The originating formations
(table 9) include Quaternary colluvium (Qc), Quaternary glacial till and other sediments (Qgt), Cretaceous
Mancos Shale (Km), the Cretaceous Dunkleburg (Kd), and Kootenai Formations (Kk), the Cretaceous
Mowry Shale through the Thermopolis Formation (Kmt), the Cretaceous Telegraph Creek (Ktc), and the
Cody Shale Formations (Kco). Renewed or additional landsliding in any of the areas could affect the
rapidly growing area around the ski resort (Big Sky), the communities of Big Sky Meadow Village and
Big Sky Mountain Village, the Middle and West Forks of the Gallatin River, State Highways 64 and 191.
A more-detailed study should be done for the area around the resort and along the major highways.

Areas 10 through 14 are located in the east-central part of the Ennis area in the Gallatin Range (figure 9).
The west edge of area 10 is close to State Highway 191 and the Gallatin River but does not cross it. Area
14 is along both sides of the river and the highway. One thrust fault nearly crosses area 10 and another is
immediately southwest of area 11. These areas are in regions where generally older formations crop out.
Many of the landslides have formed along stream courses, and may have formed by undercutting. They all
contain large debris flows and debris slides; area 13 contains a very large slide complex. The originating
formations (table 9) include Quaternary colluvium (Qc), Quaternary glacial till and other sediments (Qgt),
Upper Pleistocene diamicton (Qta), Tertiary alkalic intrusives (Tc), Tertiary diatreme intrusives (T1),
undivided Cretaceous sediments (Ks), undivided Permian sediments (Ps), the Mississippian Mission
Canyon Lodgepole Formation (Mm), and the Cambrian Big Horn Dolomite, and Red Lion Formation
(Cm). Renewed or additional movement could affect the Gallatin River and State Highway 191. Many of
the largest landslides are in the upper reaches of the tributaries of the Gallatin River.

Area 17 is in the south-central portion of the Ennis quadrangle on the western slope of the mountains
(figure 9) and contains a debris slide and several earth flows. Two faults and numerous springs are in or
near the area. The originating formations (table 9) include Quaternary alluvial fan sediments (Qaf),
Quaternary glacial till and other sediments (Qgt), undivided Tertiary sediments and sedimentary rocks
(Tg), Tertiary undivided volcanics (Tv), and undivided Permian sediments and sedimentary rocks (Ps).
This area is upslope from the Gallatin River and State Highway 287, so renewed or additional movement
could affect either or both.

Area 18 is west of and across the valley from area 17, in the south-central portion of the Ennis quadrangle
on the eastern slopes of the Gravelly Range (figure 9). Landsliding occurs primarily along Ruby and

Johnny Creeks, both are tributaries of the Gallatin River. Area 18 is in a region with closely spaced thrust
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faults and contains two large earth flows and several earth slides. The originating formations (table 9)
include Quaternary colluvium and glacial gravels (Qgr), the Mississippian Lodgepole member of the Big
Snowy Group (Ml), the Cambrian Meagher Limestone(Cm), the Cambrian Meagher Limestone and
Flathead Sandstone (Cmf), and Archean marble (Ama). This clustered area is upslope from State
Highway 287 and on tributaries of the Gallatin River; so renewed movement could affect both.

Area 19 is in the southwest corner of the Ennis area in the Gravelly Mountain Range (figure 9). The
landslides are upslope and on or near tributaries of the Ruby River. The area contains several thrust faults
and additional faults, and the topography is steep. The area contains two large earth flows, three large debris
flow complexes and several debris slides. The originating formations (table 9) include Quaternary colluvium
and glacial gravels (Qgr), the Cretaceous Mancos Shale (Km) and Kootenai Formation (Kk), the Jurassic
Morrison Formation (Jm), the undivided Jurassic-Triassic Ellis Group through Dinwoody Formation
(JTred), and undivided Permian sedimentary rocks (Ps). Because this area is located in the upper reaches of
the Ruby River, new or renewed movement could affect the tributaries, the river, and the Ruby Reservoir.

9.7 Butte 1:250,000-Scale Quadrangle (Figure 10, Appendix A):

The distribution of slides versus flows appears to be random in this area, and the locations of debris
versus earth landslides do not correspond to topography or steepness, nor to vegetative cover. Outcrops of
volcanic rocks, regardless of age or origin, correspond to landslide locations. Landslides that could affect
transportation routes are scattered along the Interstate and many of the state highways that cross this area.
Fourteen areas identified during this study contain clustered landslides.

Area 1 is located along the valley and steep mountainsides of the Clark Fork River, east of the community
of Missoula (figure 10). This area is located along both sides of Interstate Highway 90; the Burlington
Northern Railroad parallels the Interstate. Two debris flows located at the western end of the area could
be of concern to two East Missoula subdivisions. The area contains rock flows and slides as well as rock
falls that are too small to show at this scale. The landslides appear in most of the Proterozoic-age
formations outcropping in the area (table 10), including the Bonner (Ybo), Garnet Range (Ygr),
McNamara (Ym), Mount Shields (Yms), Pilcher (Ypi), and Snow Slip Formations (Ysn). This area
should be studied in detail because of its proximity to two major transportation corridors for Montana and
the developed area in East Missoula.

Area 2 is in the north central part of the Butte quadrangle on the western side of the Nevada Valley
(figure 10). It contains several debris flows and numerous earth and debris slides. The faulting entering
the area from the west may indicate structural causes for at least some of the landslides. The originating
formations (table 10) include Pliocene and Holocene surficial sedimentary rocks (Qs), Eocene and
Oligocene andesite and basalt (Tab), undivided Tertiary sediment or sedimentary rocks (Ts), and the
Proterozoic Mount Shields Formation (Yms). The flows in the northern portion of the area could affect
State Highway 200. In addition, new or renewed movement in this area could affect State Highway 141,
and Nevada Creek and its tributaries.
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Table 10. Formations identified as originating landslides in the Butte 1:250,000-scale area (figure 10).

Formations (appendix B)
. Tertiary/ Cretaceous/| Permian/ . .
Butte  |Quaternary| Tertiary Cretaceous . . | Cambrian| Proterozoic
1:250.000 Cretaceous Jurassic | Devonian
et Qs Tab Tgd TKg Ka Kem KJs PDs Cs [Ybo Yc Ygr Ym
Scale Area .
Tle Trv TKgd Kg Kgd 'Ymb Yms Ypi
Ts Kmd Yq Ysn Yss

Area 3 is at the southeastern end of Nevada Valley (figure 10). It contains both debris and earth flows as
well as earth and debris slides. There is a tendency for landslides to occur on or near fault traces, and on
the flanks of the mountains that are commonly capped with Cambrian sedimentary rock. The steepness of
the slopes and of the dips in this area may have contributed to the tendency of the material to slide. The
originating formations (table 10) include Eocene and Oligocene andesite and basalt (Tab), undivided
Eocene through Pliocene sedimentary deposits (Ts), the Proterozoic Garnet Range (Ygr,), McNamara
(Ym), Bonner (Ybo), and Mount Shields Formations (Yms), and undivided Cambrian sedimentary rocks
(Cs). The flows at the northern end of the area could affect State Highway 141 and Nevada Creek, as well
as its tributaries, if renewed movement occurs.

Area 4 is along the portion of State Highway 141 that extends from the community of Finn to U.S.
Highway 12 (figure 10). It contains a large rock slide, two earth flows and a large area of earth slides. The
area is south of a fault trace and along Flatwillow Creek, indicating that undercutting and the location of
fault traces may have contributed to the landsliding. The originating formations (table 10) for all the
landslides are Pliocene and Holocene surficial sedimentary rocks (Qs), and undivided Tertiary
sedimentary deposits (Ts). New or re-activated landslides could affect the community of Finn, Nevada
Creek and State Highway 141.

Area 5 is in the central part of the Butte quadrangle on the north side of Interstate Highway 90 (figure 10).
The area contains debris flows and earth slides. Three folds in the area may have contributed to the
occurrence of the landslides. The originating formations (table 10) include undivided Pliocene and
Holocene surficial sediments (Qs), Eocene and Oligocene andesite and basalt (Tab), undivided Eocene
through Pliocene sedimentary rock (Ts), undivided Cretaceous and Jurassic sedimentary deposits (KJs),
and undivided Permian through Devonian sedimentary rocks (PDs). Renewed movement of the landslides
could affect Bert and Hoover Creeks, the Clark Fork River, Interstate Highway 90, and the two tracks of
Burlington Northern Railroad that parallel the Interstate. To the east along the Interstate, an area of debris
slides is located immediately north of the small community of Gold Creek and could affect both
transportation routes and the community.

Area 6 is in the central portion of the Butte quadrangle, at the southern end of Flint Creek valley (figure

10) and contains rock and earth slides, two large debris slides, and earth flows. The area is highly faulted
and the landsliding appears to occur preferentially along fault traces. The originating formations (table
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10) include undivided Eocene through Pliocene sedimentary deposits (Ts), undivided Cretaceous and
Jurassic sedimentary deposits (KJs), a Proterozoic middle Belt carbonate (Yc), the Proterozoic Snow Slip
Formation (Y'sn), undivided Snow Slip and Shepherd Formations (Yss), and undivided Cambrian
sedimentary rocks (Cs). Landslides occur on both sides of two transportation corridors: a spur of the
Burlington Northern Railroad and State Highway 1. Renewed movement in the area could affect both
transportation systems, the Clark Fork River, Flint Creek, and the community of Maxville.

Area 7 is in the Deer Lodge Valley immediately north of the community of Deer Lodge (figure 10). It
contains two small debris slides and a large debris flow. No faulting is mapped in the area, but proximity
to the Clark Fork River indicates that undercutting could have contributed to landsliding, as well as
material incompetence. The originating formations (table 10) are undivided Pliocene and Holocene
surficial sedimentary rocks (Qs), and undivided Eocene through Pliocene sedimentary deposits (Ts). This
area lies on the west si